Twenty-five healthy female college students were studied for the gustatory function tests for salt (NaCl) and some selected biochemical parameters including plasma retinol and plasma retinol-binding protein (PRBP). Plasma zinc (PZn) and retinol levels were comparable with those of good responders in tests of discrimination between two levels of NaCl in the previous report, but PRBP was lower in the present subjects. From the results of correlation analysis and stepwise multiple regression ana lysis, the individual students' discriminability of NaCI concentrations was related to the parameters regarding metabolic status of calcium (Ca), magnesium (Mg), sodium (Na), and selenium (Se). The detection thresh old of NaCI concentration ranged from 1 to 60mmol/liter and was related to PRBP. Plasma Zn was significantly positively correlated with both plasma retinol and PRBP, but significantly negatively correlated only for the detection threshold of NaCI concentration. On the basis of these results, the importance of vitamin-A nutrition and the relation of minerals such as Na, Ca, Mg, and Zn to the gustatory functions of NaCI was confirmed and a possible participation of Se to the functions was suggested. Key Words discrimination between NaCl concentrations, detection threshold for taste of salt, minerals in plasma and urine, sodium, potas 209
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Gustatory function tests of the taste for salt (NaCl) were twice studied in our laboratories in different subject: the first for female college students (1) and the second for male college students (2) . The results of two studies were somewhat dissimilar: in the female students, the discriminability of NaCl concentrations in foods was related positively to plasma zinc (PZn) and plasma retinol levels and negatively to urinary potassium (UK) and sodium (UNa) levels without showing a significant association with the detection threshold for NaCl (1) ; in the male students, no significant parameters were found for the discriminability of NaCl concentration, but the detection threshold for NaCl was associated with the ratio of urinary calcium (Ca) to magnesium (Mg), plasma Ca (PCa), plasma sodium (PNa) , and discriminability between NaCl concentrations (2) . The differences between the two groups in PZn and PRBP (these were higher in the male than in the female students) as well as in the Ca, Mg, and Na metabolism (male students would have engaged in hard physical exercise almost every day and had elevated plasma levels of these minerals) might be the cause of this dissimilarity . However, the minerals Na, K, Ca, Mg, and Se, which were studied in plasma for the male students , were not included in the study on female students . Therefore, it was necessary to study the female students again, adding the minerals in plasma as the items for examination.
In the previous studies, the discrimination test was conducted using only two test-batches, each having a different NaCl concentration . This mode of testing may be influenced by the examinees' psychological states; therefore , in this study, a "two -batch" mode was compared with a "three-batch" mode in which two of the batches had identical concentrations of NaCl. The lowest NaCI concentration in the previous threshold testing was 6mmol/liter, and the threshold in 70% of female students was at this level, indicating the possible existence of more sensitive responders. Thus, the lowest concentration tested is 1mmol/liter in the present study.
SUBJECTS AND METHODS
Subjects. Twenty-five volunteers (age: 18-19 years old) from among the new students at a women's college in 1985 participated in this study . They volunteered for participation after listening to an explanation of the scope , objectives, and methodologies of the study.
Study schedule. The schedule of the study is presented in Fig . 1 . In October 1985, the two-batch mode discrimination test was compared with the three-batch mode, and additional three-batch mode tests were conducted in May and June 1986 . 
RESULTS
Anthropometry, plasma proteins, and some biochemical parameters Nothing noteworthy was seen in the stature, weight and body mass index measurements, and no anemic students were found (Table 1) . TP, ALB, and CHO in plasma were all in the normal range, but plasma triglycerides (TG) were elevated in two students (404 and 236mg/dl, respectively; the normal range: 50-130mg/dl). Levels of PRBP were low: the average, 4.0mg/dl, was lower than those in the previous two samples (female college students: 4.7, and male college students: 5.8mg/dl). Activities of plasma enzymes were all in the normal range except for a single case with very marginal elevation of LDH activity (data not shown).
Gustatory functions
Discrimination between two levels of NaCl concentration. in October 1985 compared the two-batch mode and the three-batch mode using water solution and Japanese-style consomme soup ( Table 2 ). The proportion of correct discriminators was slightly-albeit not statistically significantly (p>0.05 by Fischer's exact probability method)-decreased in the three-batch mode of tests. Consistency of discrimination was compared between the results obtained in October 1985 and those obtained in May and June 1986, both using three-batches: the discrepancy between two occasions was not significant (Wilcoxon's test, p>0.05). However, the proportion of correct discriminators varied from 46 to 96% with test matrices, occasions, and test modes (Table 2) ; and the individual student's rate of correct discrimination (RCD) in repeated tests (one student completed 5 tests; two, 4 tests; 22, 6 tests) ranged from 0 to 100% (Fig. 2) . The present average rate was 70% which was slightly lower than the previous result (83.2%) ( Table 3) . Relationship between the detection threshold and individual's rate of correct discrimination between NaCl concentrations. Detection threshold as mM of NaCl concentration is on abscissa, and individual's correct discrimination rate in repeated tests (the perfect discrimination: 1.0) is on ordinate. Number of subjects: 24, because one student failed to attend the detection threshold examination. Detection threshold for NaCl concentration. The level of detection threshold scattered from 1 to 60mmol/liter, and the log-converted values did not correlate with the individual's rate of correct discrimination (correlation coefficient, r=0.137, p>0.05) (Fig. 2) . In this correlogram, a single subject who completely failed in discrimination tests occupied a position far from the general trend. This subject had elevated PCa and PMg levels as mentioned later, but the levels of PCa and PMg in other subjects were all in the normal range. Then, if this subject with complete failure in discrimination tests is excluded, and the subjects with normal PCa and PMg levels are analyzed, the correlation coefficient will be significant as r= 0.434 (p<0.05). -0 .299 (p>0.05), not a significant correlation. This means that the elevated PCa (and/or PMg) may be a significant factor in controlling discriminability, but for most of the subjects whose PCa levels are in normal range, some other factors must be identified in relation to RCD. Among several significant correlations with RCD in the correlation matrix, which was calculated including the high-PCa case discussed above, that between PSe and RCD lost its significance but others remained significant, and no new significant correlations appeared after exclusion of the high-PCa case.
In the matrix of correlation with the detection threshold, the structure did not change with exclusion of the high-PCa subject: the largest correlation coefficient found between PRBP and the threshold (r=-0.580) was almost unchanged at -0 .587 (Fig. 4) ; other significant correlations also remained as being significant, and no new significant correlations emerged.
Stepwise multiple regression analysis revealed that the primary variable was PCa, the secondary was UMg, and the tertiary was PNa as significant factors in explaining the variation of RCD in the subjects of this study as a group; but when the single case with elevated PCa and PMg levels was excluded, the significant explanatory factors were PNa, PSe, and UMg. For variation of the detection threshold, PRBP was the only significant factor for the entire group of subjects, and after exclusion of the high-PCa case, UMg and hemoglobin concentration were added as significant factors (data are not shown in the table) ( Table 7) . DISCUSSION The present levels of PZn and plasma retinol were in good agreement with those in good discriminators among the female subjects in the previous study (1) , but the level of PRBP was lower in the present subjects. The pattern of interrelation of these three parameters-PZn, plasma retinol, and PRBP-was different between the previous and the present studies: correlation between PRBP and plasma retinol was very strong (r=0.909), and correlations between PZn and plasma retinol and between PZn and PRBP were both positively significant in the present subjects (r=0.514 and 0.490, respectively), while correlation between PRBP and plasma retinol was moderate (r=0.581), PZn's correlation with plasma retinol was not significant and that with PRBP was significant but weak (r=0.255) in the previous and PMg subject. Hence, the metabolic status of not only Ca and Mg, but also Na, deserves particular attention in the study of gustatory functions for NaCI. For the unexpected participation of PSe, we cannot find any plausible interpretation. In the document of WHO dealing with "Principles and Methods for the Assessment of Neurotoxicity Associated with Exposure to Chemicals" (19), selenium is listed as an example chemical which induces human taste alteration, but we cannot find the scientific evidence in the text and in the literature cited in this document. An association between Zn and Se was noticed in the previous study of male college students (2), but not in the present subjects; however, there was a significant correlation between PSe and PCa. Thus, it is of further concern to elucidate whether the participation of Se in gustatory functions is merely coincidental. Finally, the relation of RCD and the detection threshold must be discussed. As already mentioned in the RESULTS section, a significantly positive correlation appeared between these two functions after removal from the sample of a subject with complete failure in discrimination tests, who had elevated PCa and PMg (Fig.  2) . This means that a keener detection of NaCl concentration is accompanied by duller discrimination between NaCl concentrations in the subjects within normal ranges of PCa and PMg. The NaCl concentrations used for discrimination were 0.6 and 0.7%, or 100 and 120 mM, respectively; and the lowest concentration detected was 1mM in the present subjects. Therefore, the neural response to NaCl con centrations in the discrimination tests might have been modified to result in a loss of discriminability in the cases more sensitive to changes in NaCl concentration. For clarification, we need to examine the discriminability using various NaCl con centrations with reference to the detection threshold. The reason we selected 0.6 and 0.7% as the test concentration for discrimination was that in the preliminary results, 70 to 80% of examinees responded correctly at these concentrations. These concentrations have practical significance in ordinary cooking of less salty dishes. If this discrimination test is useful for detecting mild zinc or vitamin-A deficiency, the optimum concentrations of NaCl can be searched for more extensively in relation to meticulous consideration of other nutritional parameters related to gustatory functions.
